BACKGROUND: Natalizumab disease-modifying therapy for relapsingremitting multiple sclerosis (MS) is efficacious in randomized controlled trials. Few studies have estimated the association between real-world natalizumab persistence behavior and relapse-related outcomes.
M ultiple sclerosis (MS) is a chronic and debilitating disorder of the central nervous system. Recent research has estimated MS prevalence in the United States at approximately 570,000. 1 MS imposes an economic burden on patients with annual medical direct costs of over $20,000 higher than individuals without MS. 1 MS is characterized by acute and unpredictable attacks known as relapses, followed by a period of partial or full recovery of symptoms known as remission. 2 Disease symptoms such as difficulty with balance, memory problems, poor vision, and speech problems may become progressively worse over time. Approximately 85% of individuals with MS are initially diagnosed with the relapsingremitting (RRMS) form of the disease.
3 Most individuals with RRMS will then transition to secondary progressive MS with a median time to transition of 15 years postdiagnosis. 4 A small percentage of people are diagnosed with primary progressive MS, characterized by steadily worsening neurologic function from their initial diagnosis.
The goal of disease-modifying therapies (DMTs) for the treatment of MS is to prevent or reduce the risk of relapses and slow disease progression. DMTs such as interferons (IFNs) and glatiramer acetate (GA) have been used as first-line agents for the treatment of RRMS. 5 However, some patients do not
• Previous clinical trial studies on natalizumab use in multiple sclerosis (MS) patients have provided evidence that nonpersistence, through switching or discontinuation from natalizumab, has been associated with a return of disease activity.
• The use of natalizumab as a second-line agent (i.e., switching to natalizumab from a first-line agent) has been effective in improving outcomes for MS patients.
What is already known about this subject
• Findings suggest subjects who were persistent on natalizumab prior to a change in treatment without natalizumab (e.g., switch or discontinue) had significant increases in relapses and relapserelated costs.
• Subjects who were not persistent on natalizumab prior to a change in treatment with persistent use of natalizumab had nonsignificant reductions in relapses and relapse-related costs.
Previous studies have measured persistence but have not linked persistence behavior to outcomes such as relapses or relapse-related costs. [16] [17] [18] [19] [20] Some studies have measured persistence and linked behavior to relapse outcomes; [21] [22] [23] [24] [25] [26] [27] [28] however, few have focused specifically on natalizumab, [13] [14] [15] 24, 29 and of those studies, none have focused on natalizumab treatment patterns and the resulting impact on relapse-related outcomes in a large U.S. commercially insured population.
Our objectives in this study were to use a large longitudinal claims database to (a) estimate the change in treatment patterns based on persistence status, with a primary treatment pattern identified as the transition from natalizumab persistent to natalizumab nonpersistent, and (b) estimate the change in relapses and relapse-related costs associated with the change in treatment patterns.
■■ Methods Data Source
This retrospective study utilized the IMS PharMetrics Plus claims database, a nationwide U.S. database of longitudinal subject-level health care utilization and expenditure data for commercially insured enrollees. PharMetrics Plus combines data from Blue Health Intelligence for a total of 150 million covered lives; approximately 87 million of those covered lives have both pharmacy and medical coverage across all years. The database includes prescribed medications, diagnoses and procedures, medical and pharmacy costs, demographics, and payer and provider information. International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis codes were used to identify individuals with MS (ICD-9-CM 340.xx). Medical claims were identified using Current Procedural Terminology, Version 4 (CPT-4) procedure codes, Healthcare Common Procedure Coding System (HCPCS) procedure codes, and (ICD-9-CM) procedure codes. National Drug Code numbers 59075-730-15 and 64406-008-01 and HCPCS code J2323 were used to identify natalizumab claims. Figure 1 displays the sample selection process. The study subjects were selected from commercially insured members who initiated natalizumab and had at least 1 previous MS diagnosis. Specifically, inclusion criteria included (a) first initiation of natalizumab between January 1, 2006, and December 31, 2012 (defined as the index date); (b) at least 1 MS diagnosis (ICD-9-CM 340.xx) during the 12-month baseline period prior to index date; (c) no natalizumab claims during the 12-month baseline period prior to index date; and (d) at least 2 years of continuous enrollment post-index date. Each subject provided at least 3 years of observations (baseline or year 0, follow-up year 1, follow-up year 2) and up to 5 years of observations (baseline or year 0, follow-up year 1, follow-up year 2, followup year 3, follow-up year 4). respond to treatment. Reasons for switching or discontinuing include tolerability (e.g., skin reaction, injection site reactions, and flu-like symptoms); safety (e.g., allergic reaction, elevations in liver enzymes, depression, and immediate postinjection reaction); lack of efficacy (e.g., no perceived benefit); and burden (e.g., injection frequency). [6] [7] [8] To maximize the benefits of DMTs, MS patients must be persistent and adherent to their prescribed therapies. Persistence is a measurement of medication behavior and has been defined as "the duration of time from initiation to discontinuation of a therapy." 9 Natalizumab (Tysabri, Biogen Idec) is approved as monotherapy for the treatment of patients with relapsing forms of MS to delay physical disability and reduce relapse activity. 10 Data from clinical studies have provided evidence that nonpersistence, through switching or discontinuation from natalizumab, has been associated with a return of disease activity. 11, 12 Additionally, studies have shown that the use of natalizumab as a second-line agent (i.e., switching to natalizumab from a first-line agent) has been effective in improving outcomes for MS patients. 
Sample Selection

Measures
Demographics. Subject demographics included age, gender, region, health plan type, and baseline health care utilization. Proxies for baseline MS disease severity were estimated using subject-level counts of MS-related symptoms, mobility status, and the Charlson Comorbidity Index (CCI) score adapted for claims-based analyses. [30] [31] [32] Baseline MS-related symptoms were captured using ICD-9-CM codes and coded as binary indicator variables. These symptoms were categorized based on previous work by Curkendall et al. (2011) 33 and included visual symptoms, movement disorders, facial neuralgia, dizziness, chronic fatigue, paralysis, headache, muscle symptoms, speech symptoms, and disturbance of skin sensation. Mobility status was captured using CPT-4 and HCPCS codes for wheelchairs and walking aids.
Treatment Patterns. The primary explanatory variable for relapses and relapse-related costs was the change from natalizumab persistence to nonpersistence over the same 2-year period. Persistence in annual follow-up periods was defined as no gap in natalizumab claims greater than 90 days, which is similar to other claims-based studies. 16, 23 Nonpersistence was defined as switched to another DMT (i.e., use of 2 or more DMTs within a year and no 90-day or greater gap on the final DMT used at the end of the year); discontinued natalizumab (i.e., no natalizumab or other DMT claim for at least the last 90-day period in the year following natalizumab initiation); or had at least one 90-day or greater gap in natalizumab claims during a calendar year after natalizumab initiation with subsequent natalizumab or other DMT use that did not fall into the switch definition.
Previous claims analyses have estimated outcomes separately for those who switch or discontinue, rather than merging these groups into a larger category of nonpersistence. 16, 23 There were 2 main reasons that we chose to merge switching and discontinuation into the category of nonpersistence: (1) there was little statistical difference in baseline characteristics between the subcategories switch, discontinue, and a 90-day or greater gap following natalizumab initiation (Appendix A, available in online article); and (2) the goal of this analysis was to examine the global impact of using natalizumab consistently as compared with inconsistent natalizumab use, even if that involved switching to another therapy or discontinuing. Merging these groups expanded the traditional definition of nonpersistence to include not only gaps in therapy, but also the clinical failure or intolerability of natalizumab. Those who may have switched to another therapy would be grouped into natalizumab nonpersistence.
While the primary analysis focused on the pattern of natalizumab persistence to nonpersistence, we also grouped and estimated additional patterns of persistence and split these observations into 4 mutually exclusive and exhaustive groups for each 2-year period post-index date. Similar to annual change in outcomes, subjects contributed a minimum of 1 persistence treatment pattern over 2 years and a maximum of 3 persistence treatment patterns over 4 years after natalizumab initiation. During each year prior to and after observation, a subject could be persistent for 2 years (i.e., persistent to persistent); persistent for the year prior, then nonpersistent during the year after (i.e., persistent to nonpersistent); nonpersistent during the year prior, then persistent during the year after (i.e., nonpersistent to persistent); and nonpersistent during both years prior and after (i.e., nonpersistent to nonpersistent).
Relapse Outcomes. Proxies were used to define relapse outcomes. Relapse was defined as an MS-related hospitalization or MS-related emergency or outpatient visit with intravenous or oral steroid burst claim (methylprednisolone, prednisolone, prednisone, or adrenocorticotropic hormone) within 7 days. 34, 35 Relapse-related cost was defined as the payer and subject paid claims for the associated relapse-related events. All costs were inflated to 2012 U.S. dollars using an average of the medical inflation rate over the study period.
The unit of analysis was a within person year-to-year pair of observations from each contributing plan member. The outcomes of interest were the time-varying change in relapses and relapse-related costs following initiation of natalizumab. Change in relapse variables were defined the following:
∆ Annual relapse outcomes = year post relapse outcomes -year prior relapse outcomes
Annual relapse outcomes were evaluated at years 1, 2, 3, and 4 post-index date. Subjects contributed a minimum of 1 change in relapse-outcome observation (2 years of follow-up) and a maximum of 3 changes in relapse-outcome observations (4 years of follow-up). Each subject had at least 1 "year prior" outcome and 1 "year post" outcome. For example, a subject with 2 follow-up years post-index date would have 1 change in relapse outcome (change from year 1 post-index date to year 2). Similarly, a subject with 3 follow-up years would have 2 changes in relapse outcomes (change from year 1 post-index date to year 2, and change from year 2 post-index date to year 3).
Statistical Analysis. Univariate analysis was used to compare baseline demographics and MS-related measures of disease severity between those who were persistent on natalizumab during the first year post-index date and those who were not persistent in the first year post-index date. We used chisquared distributional tests for categorical variables and independent sample t-tests for continuous variables.
The change in relapses and relapse-related costs were estimated within each treatment pattern group using linear regression with cluster-robust standard errors to account for the within subject correlation over time. 36, 37 This method utilizes the longitudinal nature of the data by analyzing within patient changes in treatment patterns on changes in relapse outcomes. Cluster-robust standard errors allow for intrasubject correlation by relaxing the assumption of independent observations. That is, the individual subjects themselves are independent but the observations within subjects are not independent. In the multivariable model, we adjusted for prior DMT use (any claim for interferon beta 1a [intramuscular], interferon beta 1a [subcutaneous], interferon beta 1b [subcutaneous], or glatiramer acetate during baseline period), baseline CCI, gender, baseline age, and region of the United States. The estimates are presented as baseline outcomes with the change and 95% confidence interval [CI] in annualized relapse rates and relapse-related costs within each persistent group. We also tested whether the changes in relapse outcomes for each persistent group were different from the reference group persistent to persistent.
Relapse counts and relapse-related cost data can often be non-normal and skewed. However, after differencing both variables, histograms and detailed summary statistics showed both variables were normally distributed, indicating the appropriate use of linear regression. Analyses were performed using STATA version 12 (StataCorp, College Station, TX).
Sensitivity Analyses. We performed separate subgroup analyses for those subjects contributing at least 2 years, at least 3 years, and at least 4 years of observations to analyze if differences in the number of contributing years from subjects altered the findings. Additionally, the base analysis was performed with inclusion of all baseline MS-related symptom variables regardless of significance level. Concern over inclusion of these variables in the main analysis was due to collinearity between the MS-related symptom variables and CCI, since both are calculated from individual ICD-9-CM coding. Residual plots were used to analyze normality of residuals, assumption of constant variance, and any outliers. We removed any extreme outliers and examined the impact on the results. Table 1 presents the demographic and clinical characteristics before natalizumab initiation for the overall population, for those who were persistent in the initiation year, and for those that were not persistent in the initiation year. A total of 2,407 natalizumab initiators had at least 2 years of follow-up data. The majority of the subjects were females (74%), and the sample was largely insured in preferred provider networks (76%). Seventy-five percent of patients were persistent during the first year post-index date, with prior DMT use significantly different between those persistent during the initiation year and those nonpersistent during the initiation year (P < 0.001). Sixty-two percent of patients attempted at least 1 DMT prior to initiating natalizumab.
■■ Results
Treatment Patterns
Among the 4 persistence pattern groups identified, there were 4,770 treatment patterns where each subject contributed 1, 2, or 3 year-to-year natalizumab transitions (Table 2) . From the 3,187 treatment patterns that were persistent in the year prior, 731 (22.9%) of those transitioned to nonpersistence in the year after, and 2,456 stayed persistent in the year after. The remaining 1,583 treatment patterns were nonpersistent in the year prior; 132 (8.3%) of these transitioned to persistence; and 1,451 (92%) stayed nonpersistent in the year after. Table 3 presents the regression-adjusted relapse rate and relapse-related costs in the year prior to persistence transition for each 1 of the 4 persistence transition groups. On average, relapse rate and relapse-related costs in the year prior to treatment transition were highest for those who were nonpersistent in the year prior and remained nonpersistent (annualized relapse rate = 0.67, 95% CI = 0.52, 0.81; relapse-related cost = $3,816, 95% CI = $3,029, $4,602). The lowest relapse rate and relapse-related cost in the year prior to treatment transition were for those patients who were persistent and remained persistent (annualized relapse rate = 0.28, 95% CI = 0.24, 0.32; relapse-related cost = $1,289, 95% CI = $988, $1,590). Figure 2 and Figure 3 display the respective adjusted longitudinal linear regression results for relapse rates and relapserelated costs within each of the 4 possible persistence transition patterns. There was a statistically significant (P < 0.001) within-group increase in relapse rates of 0.23 (95% CI = 0.12, 0.35) for transitions from persistent to nonpersistent. In percentage terms, transitioning from persistent to nonpersistent was associated with a 52% increase in relapse rates. There was a decrease in relapse rates of -0.15 (95% CI = -0.32, 0.017) for those who transitioned from nonpersistent to persistent, but this change was significant at P = 0.08. Transitioning from nonpersistent to persistent was associated with a 32% decrease in relapse rates. There was also a small decrease in relapse rates of 12% for those transitioning from nonpersistent to nonpersistent (-0.08, 95% CI = -0.16, -0.01).
Relapse Outcomes
Relapse-related costs in Figure 3 showed a similar pattern. Within-group increases in relapse-related costs were significant for transitions from persistent to nonpersistent ($1,346, 95% CI = $97, $2,595). In percentage terms, transitioning from persistent to nonpersistent was associated with a 58% increase in relapse-related costs. There was a decrease in relapse-related costs for those who transitioned from nonpersistent to persistent (-$1,369, 95% CI = -$2,761, $23), but this within-group change was also only significant at P = 0.054. Transitioning from nonpersistent to persistent was associated with a 56% decrease in relapse-related costs.
Differences between groups were also tested for changes in relapses and relapse-related costs. Compared with the persistent to persistent reference group, the relapse rate (0.23 vs. -0.01) and relapse-related cost changes ($1,346 vs. -$130) for persistent to nonpersistent were significantly different at P = 0.045; the relapse-related cost change for nonpersistent to persistent was also significantly different at P = 0.039 (-$1,369 vs. -$130). 
Overall
Persistent in Initiation Year
Nonpersistent in Initiation Year
TABLE 1
Demographics Pre-DMT Initiation year prior and after transition, there was a small nonsignificant downward change in relapses. These changes must be taken in context with the relapse rates in the year prior to treatment transition. That is, the nonpersistent subjects began at a much higher mean annualized relapse rate compared with the persistent subjects in the year prior to treatment transition (0.67 vs. 0.28). This suggests that those subjects who did switch or discontinue natalizumab were on some other treatment or best supportive care to reduce an already clinically high annualized relapse rate. Furthermore, some of these subjects did have natalizumab claims but were not persistent as defined in this study.
The treatment pattern results presented in this study are similar to previous research on persistence and discontinuation related to natalizumab. 18 also used a large administrative claims database to analyze treatment patterns for commercially insured MS subjects prescribed platform therapies (e.g., IFNs) or natalizumab. 18 The authors found that 13.9% of natalizumab users had a first switch and 9% discontinued during the 2 years after natalizumab initiation. This is similar to what is observed in our study where 22.9% who were persistent in the year prior to treatment transition were nonpersistent in the year after treatment transition. Our study adds to the previous work done by Bonafede et al. 18 by linking treatment patterns to relapse outcomes. used the PharMetrics Plus database to estimate persistence and differences in health care resource utilization after a switch to natalizumab or fingolimod. 24 We found similar persistence percentages after initiation of natalizumab. In our study, we found that approximately 75% of subjects were persistent in the year after initiation of natalizumab; Bergvall et al. found persistence on natalizumab was approximately 76% the year after initiation. 24 The authors also found significant reductions in relapses in the 12 months postinitiation of natalizumab compared with a pre-initiation
Sensitivity Analyses
Similar results were found when stratifying the population by contribution of observations. Specifically, the persistent to nonpersistent change in mean relapse (0.23) was positive and significant for all analyses including those subjects contributing at least 2 years, at least 3 years, and at least 4 years. Additionally, findings were consistent with those presented in figures 2 and 3 when including all baseline MS-related symptom variables. The main results presented do not include 1 extreme outlier found in the data.
■■ Discussion
In this observational study, we found significant and clinically meaningful increases in relapse counts and relapse-related costs for natalizumab transitions from persistent to nonpersistent. Downward nonsignificant changes in relapse outcomes for natalizumab transitions from nonpersistent to persistent were also observed. Findings suggest subjects who were persistent on natalizumab prior to a change in treatment without natalizumab (e.g., switch or discontinue) had significant increases in relapses and relapse-related costs. Alternatively, subjects who were not persistent on natalizumab prior to a change in treatment with persistent use of natalizumab had nonsignificant reductions in relapses and relapse-related costs. This study adds to previous research by linking persistence behavior over time to relapse-related outcomes for subjects prescribed natalizumab in a large commercially insured MS population in the United States. 24, 29 An interesting finding from this study comes from those that stayed in the same persistent group from the year prior to the year after treatment transitions. For example, for those who remained nonpersistent in the year prior and after transition, there was a small but significant downward trend in mean relapses. In contrast, for those who remained persistent in the 
TABLE 3
Mean Relapse Outcomes in Year Prior to Treatment Transition
effects of switching to natalizumab from first-line therapies. 13 The authors found a significant and clinically meaningful 70% (95% CI = 50%, 82%) reduction in the relapse rate for those switching from first-line DMTs to natalizumab. The study population was focused on MS patients experiencing breakthrough relapsing MS, even with prior DMT treatment. The patient selection in the present study may differ from Castillo-Trivino et al., since nearly 40% of the subjects were DMT treatment naïve as of 1 year prior to natalizumab initiation. Lanzillo et al. (2013) estimated annualized relapse rates (ARR) in a group of MS patients who had been treated with natalizumab for at least 1 year after switching from a first-line DMT.
14 They found a significant reduction in ARR within the natalizumab group and a statistically significant ARR between the group that stayed on first-line DMTs. Our results suggest that those who were persistent on natalizumab longer had fewer relapses and relapse-related costs than those who were not persistent.
Our relapse-related cost results differ from other studies because of our definition of relapse-related resource utilization. For example, O'Brien et al. (2003) split relapse care and period using alternative DMTs. While there were similarities in treatment pattern results and relapse outcomes, our study design approach differs from Bergvall et al. 24 We focused on a within-natalizumab group analysis with a longer follow-up period after initiation of natalizumab.
Our findings are consistent with previous observational studies suggesting a switch or discontinuation from other DMTs (e.g., IFNs or GA) is associated with a return in relapse activity. 23, 38 used PharMetrics PatientCentric Database to analyze health care resource utilization during an 18-month period after discontinuation or switch from an IFN or GA. 23 The authors found that about half of patients remained on their index drugs. Of those that switched or discontinued, significantly higher health care utilization occurred during the 18-month follow-up period compared with those who were persistent on their original index drugs. Raimundo et al. (2013) conducted a subgroup analysis on switchers and discontinuers and found that high relapse activity predicts switching or discontinuing from DMTs among MS patients who had used a DMT previously. 38 Our study adds to this research by correlating changes in persistence status with relapse outcomes for natalizumab specifically.
Moreover, the results are similar to previous studies suggesting a switch to natalizumab is associated with improvements in health for MS patients. [13] [14] [15] Recently, Castillo-Trivino et al. subsequent health care utilization into 3 levels: high intensity management including hospitalization and follow-up care; medium level of intervention defined as a mix of emergency room visits, administration of acute treatments, or steroid burst in an outpatient setting; and lowest intensity of care including an outpatient visit with symptom-related medication prescriptions. 39 Our estimates are in between the highest intensity treatment from O'Brien et al. (mean of $12,870 in 2002 U.S. dollars) and closer to the medium level of care (mean of $1,847). O'Brien et al. included additional resources such as skilled nursing facility use, home health care services, and rehabilitation services. We did not include these additional services in our definition of relapse-related costs. Our relapserelated cost estimates are closer to recent studies on natalizumab such as by 29 that estimate relapse costs based on MS-specific resource utilization, along with the use of corticosteroids.
Limitations
The limitations of this analysis are similar to other claimsbased studies. ICD-9-CM diagnosis codes may have been miscoded. Misclassification bias was likely mitigated by our inclusion criteria (i.e., requiring an MS diagnosis prior to index date and initiation of natalizumab). The ICD-9-CM codes do not provide enough information to distinguish between relapsing-remitting and progressive forms of MS. Natalizumab is indicated for relapsing forms of MS; therefore, patients with progressive forms of MS may have a higher likelihood of nonpersistence with natalizumab. 40 Patients with progressive forms of MS are known to have lower relapse rates on average than their RRMS counterparts. 41 This limitation would potentially bias our results toward zero. Generalizability of this study limits the interpretation of the results to MS patients enrolled in commercial health plans in the United States.
Unfortunately, reasons for a subject being persistent or nonpersistent cannot be fully determined from administrative claims data. We were unable to observe important factors such as JC virus status, duration of disease, Expanded Disability Status Scale, and clinical markers, which could have provided key variables for adjustment at the analysis phase. In an attempt to address these limitations, we extracted measures of severity using ICD-9-CM diagnosis codes for MS-related symptoms and CPT-4 codes for movement aids. Despite these limitations, there were few significant differences between persistent and nonpersistent individuals in the first year after initiation of natalizumab. One difference, prior DMT use, was included in the multivariable analysis as a control variable.
Since relapse rates were annualized, we were not able to capture the distribution of relapses during each year. Previous studies have suggested a return in disease activity in subsets of patients specific to the first 3-7 months postdiscontinuation from natalizumab. 11, 42, 43 The timing effect for the return in disease activity after discontinuing natalizumab should be further evaluated. Additionally, the timing of a relapse could impact the persistence status of subjects in this study; therefore, a causal relationship between persistence and relapse activity cannot be established.
Switching and discontinuing therapies are not necessarily considered nonpersistent behavior. Rather, switching is often a physician and patient choice due to a number of reasons. Similarly, discontinuation could happen because of adverse events. For the reasons stated previously, this limitation is somewhat mitigated by the objective of the analysis to compare the impact of using natalizumab consistently with inconsistent natalizumab use. It will be important for future studies to address this limitation with larger sample sizes if multiple treatment options are included to estimate the impact of treatment patterns on relapse-related outcomes.
■■ Conclusions
The results of this study suggest that real-world persistent natalizumab users who become nonpersistent have meaningful and statistically significant increases in annual relapses and relapse-related costs. Those who transition from nonpersistent to persistent have nonsignificant reductions in relapses and their associated costs.
